Aspergillus oryzae AS 3.951 is widely used in Chinese soy sauce manufacture, but little is known about the profiles of the extracellular proteins from the culture of soybean koji. In this study, we carried out MALDI-TOF/TOF MS analysis of extracellular proteins during koji culture. Besides well-known proteins (TAA and Oryzin), a variety of aminopeptidase and proteases were identical at the proteome level. This suggests that A. oryzae AS 3.951 has a powerful capacity to digest soybean protein.
The filamentous fungus Aspergillus oryzae, which is known for its capacity to secrete large amounts of hydrolytic enzymes, is widely applied in the manufacture of traditional fermented soy sauce. A. oryzae AS 3.951 (HU NIANG 3042), with excellent features such as high hydrolytic enzyme activity, fast growth, and resistance to contamination, is used as the dominant producing strain in the whole Chinese soy sauce fermentation industry. To date, little is known about the profiles of the extracellular proteins of A. oryzae AS 3.951 in soybean koji. According to an analysis of the A. oryzae genome, a total of 134 protease genes have to do with the metabolism of proteins and amino acids. 1, 2) The complex expression profiles of A. oryzae depend on nutrition because a broad spectrum of hydrolytic enzyme genes exists.
Studies have paid attention to the identification, purification, and characterization of single secreted proteins, while the secreted proteins of A. oryzae grown on agar plates of 5% wheat-based solid medium (WSM) have been determined by the Edman degradation method.
3) Proteomic analysis had been proven to be the most powerful tool for the identification of proteins and to be suitable for the global analysis of fungal extracellular proteomes under various environmental conditions. [4] [5] [6] [7] The first comparative proteome for A. oryzae, grown in wheat bran by solid-state fermentation or submerged culture, has been analyzed by peptide mass fingerprinting using MALDI-TOF MS. 5) In addition, expressed sequence tags (ESTs) of A. oryzae have been reported, 8) and a draft genome sequencing project has been completed. 1, 2) This technology and these valuable data allowed us to carry out an analysis of extracellular proteins of A. oryzae in the culture of soy sauce koji. In this study, we identified extracellular proteins under soy sauce koji culture conditions and determined the profiles of the extracellular protein.
Aspergillus oryzae strains AS 3.951 and RIB 40 were employed in cultivation and protein extraction. Soybean and flour were prepared by hydrating the solid material (7.5 g of soybean and 2.5 g of flour) with 100% water content. An A. oryzae conidial suspension was inoculated onto the solid-phase medium (giving 1:0 Â 10 7 conidia/g dry koji) and incubated at 30 C at 45%-65% humidity. The protocol of extracellular protein preparation from solid-state culture was described by K. Oda et al.
5) SDS-PAGE was performed with 10% polyacrylamide gel and stained with Coomassie Blue. The concentration of protein was determined by Bradford protein assay. The dry weight of the cultured koji was determined with an infrared moisture meter (Sartorius MA100, Germany). The pH of the cultivation medium was measured after mixing a portion with twice its volume of ultra-pure water.
Protein bands from 1-D gels were manually excised and transferred for destaining and in-gel digestion with trypsin using a digestion/extraction/clean-up DIY kit provided by the Genome Research Centre of HongKong University. Following digestion, tryptic peptides were extracted from the gel pieces with 5% formic acid and 5% acetonitrile. The extracted peptides were purified with a Zip tip (C18; Millipore, USA), as described in the kit protocol. MALDI-TOF/TOF MS analyses were performed with an ABI 4800 MALDI-TOF/TOF Analyzer (Applied Biosystems, Foster City, CA). The MS setting was MS reflector positive, and the scan range from 900 to 4,000 Da. The MS/MS setting was MS/MS 2KV positive/CID on the five monoisotopic precursors selected (S/N > 200). The peptide mass fingerprinting and peptide fragment ion data obtained by MALDI-TOF/TOF MS were used to search for protein candidates in the NCBI database and Swiss-prot using Mascot (www.matrix-science.com), and Aldente (http: //www.expasy.org/tools/aldente/). The peptide analysis software was the GPS ExplorerTM Workstation (Appied Biosystems) Version 3.6. Initial search parameters were set as follows: Modification was carbamidomethyl (C) and Oxidation (M). and the search type was Combined PMF + MS/MS search (= MS + MS/MS). The mass Tolerance was 75 ppm.
Profiles of the extracellular proteins under the soy bean koji condition were obtained by SDS-PAGE electrophoresis. As shown in Fig. 1 , there were many smearing bands of protein found in the medium of soybean koji (Fig. 1A, B ). Up to 24 h, the protein bands originating from the medium of soybean koji disappeared in the gel (Fig. 1A, B ). To clarify this point, we examined the total amounts of extracellular proteins produced by A. oryzae during the 24 h and 48 h of growth as compared with 0 h for the medium control (Fig. 1C) . These results suggest that the soybean proteins were digested by proteins secreted from A. oryzae.
Protein bands were deduced by the intensity of timedependence under the koji culture conditions and strains during the 48 h (Fig. 1) . In A. oryzae AS 3.951, some extracellular protein bands, such as alkaline protease (Oryzin) and -amylase (TAA), detected at 24 h of culture increased greatly by 48 h under soybean koji culture (Fig. 1A) . In addition, A. oryzae AS 3.951 as compared with A. oryzae RIB 40 was more suitable for manufacture of fermented soybean because Oryzin was the majority of the hydrolytic enzyme (Fig. 1A, B) . The culture pH of A. oryzae during solid state cultivation changed in response to metabolic activity (Fig. 1D ). Up to 24 h, the culture pH of A. oryzae RIB 40 was lower than that of A. oryzae AS 3.951 due to plentiful amylase. After 48 h, the pH profile of AS 3.951 was similar to that of A. oryzae RIB 40. Thus, the protein differential display revealed that various kinds of extracellular proteins from A. oryzae depended on the koji culture conditions, the age of the culture, and strain.
Considering the greater number of protein bands in the 24-h gel of soybean koji, we chose those gels to identify the extracellular protein under the culture conditions (Fig. 2) . All the protein bands were excised, digested with trypsin, and identified by combination with MALDI-TOF/TOF MS and Tandem MS. Sixteen of 23 bands from the soybean koji (Fig. 2) were detected and analyzed. Sixteen protein bands were identified and assigned to 16 different genes.
All of the protein bands identified are presented in Table 1 . The proteins specifically identified under the soybean koji condition included a variety of aminopeptidase and many well-known proteins, such as -amylase, acid protease (pepsin), alkaline protein (oryzin), glutaminase, and chitosanase (Fig. 2) . Two hypothetical proteins under the soybean koji condition were found with low homology to known proteins, but high homology to the A. oryzae genome (DOGAN ID), which indicates that there were new proteins of unknown function from A. oryzae under the soybean koji condition. An analysis of the gel image by Quantity One revealed that oryzin accounted for more than 50% of the amount of visible proteins in the gel.
Despite the importance of the koji step in the manufacture of traditional foods such as soy sauce, little is known about the extracellular protein patterns produced in soybean koji. In this report, we describe the proteins produced by A. oryzae in soybean koji. First of all, contamination originating from complex organic nitrogen medium were digested, and vanished before identification of the protein. The results are similar to wheat bran protein of the medium. 5) Furthermore, the number of soybean ESTs is 984 in Aspergillus oryzae EST libraries, far less than that of wheat bran ESTs (http://www.nrib.go.jp/ken/EST2/). 8) But the number of extracellular proteins in the soybean koji was obviously more than in the wheat bran koji (data not show). Extracellular proteins were prepared from cultured soy sauce koji from 0 to 48 h. The protein extract was electrophoresed in a 10% SDS-polyacrylamide gel. Each gel was loaded at 13 mg/well and stained with CBB. C, The total protein content of AS 3.951 under both soybean koji conditions was measured after extraction. The dry weight koji was determined with an infrared moisture meter (Sartorius MA100, Germany). D, Time course profiles of the culture pH under soybean koji culture. The pH of the cultivation medium was measured after mixing a portion with twice its volume of ultrapure water. All data are mean values and standard deviations with triplicate assays. SDS-PAGE analysis of extracellular proteins from A. oryzae AS 3.951 under soybean koji conditions at 24 h, with standards indicating approximate protein molecular weights. Proteins were separated using a 10% SDS-polyacrylamide gel and visualized by CBB staining. Bands were excised from the gel as indicated and subjected to in-gel digestion with trypsin prior to MALDI TOF/TOF MS analysis.
Extracellular fungal proteins with highly glycosylation were difficult to identify by peptide mass fingerprinting alone because of resistance to proteolysis. 9) Ion trap tandem mass spectrometry made it possible to identify such proteins. Tryptic protein digests were analyzed by MALDI-TOF, generating a full spectrum of mass lists. The most abundant peptide ions (precursor ions) were further subjected to MALDI-TOF/TOF analysis to measure the resulting peptide fragments. All data combined both types of analysis in searching against MASCOT databases.
Because A. oryzae AS 3.951 is dominantly used in Chinese soy sauce manufacture, identification of extracellular proteins from AS 3.951 in the degradation of soybean was one of the major goals of this study. We identified three proteases, such oryzin (alp), aspergillopepsin O (pepA), and chain A of deuterolysin (ntp B). The pepA gene, which is known to be a solid-statespecific expression mark, 10) was expressed under solidstate soybean culture (Fig. 2) . Aspergillopepsin O has been identified as a soybean culture express gene in the analysis of expressed sequence tags 8) and on cDNA microarray, 11) but is absent at the proteome level.
3,4)
Oryzin encoded by the alp gene, which has been identified from RIB 40 under wheat bran culture, 5) was the most important in producing soy sauce by hydrolyzing soybean protein. Furthermore, four aminopeptidases were identified, as leucine aminopeptidase, Xaa-Pro aminopeptidase, metallopeptidase, and alanyl dipeptidyl peptidase, under soybean koji culture. The 41 kDa protein was identical to leucine aminopeptidase of A. sojae, matching AO090011000052 in the A. oryzae genome database by blastn. The probability of an Nterminal signal peptide of AO090011000052 was predicted to be 0.998 by SignalP 3.0. The leucine aminopeptidase of A. oryzae has been analyzed by enzyme activity and protein purification, [12] [13] [14] but little is known about its sequence of nucleotides or amino acids. The 73 KD protein was identical to Xaa-Pro aminopeptidase, matching AO090701000720 and AoEST01711 without a predicted N-terminal signal sequence, was responsible for the release of all N-terminal amino acid adjacent to a proline residue and the synergistic action of a Xaa-Pro aminopeptidase and a non-specific aminopeptidase in protein hydrolysis. 14, 15) Glutaminase is thought to play an important role in producing the flavor of soy sauce by catalyzing L-glutamine transformation to L-glutamate. AO090020000289, containing the predicted signal pep- a, Band no. corresponds to the proteins in Fig. 2 . b, The peptide analysis software was GPS ExplorerTM Workstation (Appied Biosystems, Foster City, CA) Version 3.6. The search type was combined PMF with MS/MS ion data searching in the NCBI database using Mascot (www.matrix-science.com), except that band no. 1 was searched in Swiss-prot by Aldente (http://www.expasy.org/tools/aldente/). c, Only results for protein bands that had a protein score C.I.% and a total ion score C.I.% greater than 75 were defined to be matched. d, The signal peptide was analyzed by SignalP 3.0 (http://www.cbs.dtu.dk/services/SignalP/).
tide, matched the identified glutaminase of A. oryzae, and was different from AO090010000571, lacking the predicted signal peptides, which were previously annotated as glutaminase in UniProt. According to the profiles of the extracellular proteins identified in AS 3.951, starting materials such as soybean and flour were mainly degraded into a polypeptide by oryzin (alp). The polypeptide was further degraded, by leucine aminopeptidase from the amino terminus and by acidic caroxypeptidase from the carboxyl terminus, into amino acids and dipeptides. But in the presence of Xaa-Propeptide bonds of the peptides, the function of leucine aminopeptidase is stopped. In unrefined soy sauce, XaaPro aminopeptidase specifically acts on the Xaa-Propeptide to release Xaa-Pro, and this allows leucine aminopeptidase to function, resulting in an improvement in the protein degradation rate of soy sauce and an enzymatically-hydrolyzed flavor enhancer.
